Swine influenza is a worldwide disease, which causes damage to the respiratory system of pigs. The H1N1 and H3N2 subtypes circulate mainly in the swine population of Mexico. There is evidence that new subtypes of influenza virus have evolved genetically and have been rearranged with human viruses and from other species; therefore, the aim of our study was to identify and characterize the genetic changes that have been generated in the different subtypes of the swine influenza virus in Mexican pigs. By sequencing and analyzing phylogenetically the eight segments that form the virus genome, the following subtypes were identified: H1N1, H3N2, H1N2 and H5N2; of which, a H1N1 subtype had a high genetic relationship with the human influenza virus. In addition, a H1N2 subtype related to the porcine H1N2 virus reported in the United States was identified, as well as, two other viruses of avian origin from the H5N2 subtype. Particularly for the H5N2 subtype, this is the first time that its presence has been reported in Mexican pigs. The analysis of these sequences demonstrates that in the swine population of Mexico, circulate viruses that have suffered punctual-specific mutations and rearrangements of their proteins with different subtypes, which have successfully adapted to the Mexican swine population.
| INTRODUCTION
Swine influenza is a worldwide disease that causes damage to the respiratory system of pigs (Bouvier & Palese, 2008) . Influenza viruses belong to the Orthomixoviridae family and have a genome composed of eight segments of ssRNA (−), where each one encodes for one or two proteins (Flint & Racaniello, 2001; King, Adams, Carstens, & Lefkowitz, 2012) . The evolution of these viruses occurs through antigenic drift (Drift), characterized by the selection of new strains that contain amino acid changes in hemagglutinin (HA) and neuraminidase (NA) proteins; these changes are responsible for seasonal influenza infections (Carrat & Flahault, 2007; Treanor, 2004) . In addition, these viruses can also have genetic rearrangements (Shift) associated with the emergence of pandemic viruses; these occur when a host cell is infected by more than one different virus subtype and the viral genomic segments are rearranged, generating a new combination (Boni, 2008; Webster, Laver, Air, & Schild, 1982; Zambon, 1999) .
Some accumulated and continuous mutations in the HA protein of the influenza virus have generated new antigenic strains that cause annual epidemics (Liao, Lee, Ko, & Hsiung, 2008) . Pigs can naturally or experimentally be infected with viruses of avian or human origin because in the epithelial cells of the trachea, they express avian and human type receptors (Ito et al., 1998; Scholtissek, Bürger, Bachmann, & Hannoun, 1983) , which is why they are considered as mixing containers (Castrucci et al., 1993; Christoph Scholtissek, 1995) .
Currently, three subtypes of influenza viruses circulate mainly in pigs around the world: H1N1, H3N2 and H1N2 (Chambers, Hinshaw, Kawaoka, Easterday, & Webster, 1991) . In the Mexican swine population, it has been reported the circulation of the H1N1 and H3N2 subtypes (Avalos, Sanchez, & Trujillo, 2011; López-Robles, MontalvoCorral, Caire-Juvera, Ayora-Talavera, & Hernández, 2012) ; however, there are several studies showing the circulation of new subtypes of influenza virus, which have evolved genetically and have been rearranged with human viruses and from other species (Aguirre et al., 2014; Escalera-Zamudio et al., 2012; Nelson, Culhane et al., 2015; Nelson, Schaefer, Gava, Cantão, & Ciacci-zanella, 2015) . On the other hand, there is evidence of the transmission of influenza viruses between different species (bird, pig, equine and human), as well as, rearrangements with different subtypes (H9N2, H4N6, H2N3, H3N8, H3N1, H5N2) in distinct parts of the world (Karasin, Brown, Carman, & Olsen, 2000; Lee et al., 2009; Ma et al., 2007; Peiris et al., 2001; Shin et al., 2006; Tu et al., 2009) . These events highlight the requirement for a greater epidemiological surveillance, emphasizing the interest of isolating and characterizing the influenza viruses that circulate currently in the Mexican swine population.
| MATERIALS AND METHODS

| Samples
The research was carried out using 486 pig lung tissue samples from different production units located in twelve states of Mexico (Jalisco, 
| RNA extraction
A total of 0.5 gr from each lung tissue was powdered in liquid nitrogen and homogenized in extraction buffer in order to obtain the RNA. RNA extraction was performed with the column technique using the QIAamp Viral RNA mini kit (QIAGEN, Germany) commercial kit, following the manufacturer's specifications. The purified nucleic acid was resuspended in 60 μl of elution buffer and stored at -70°C. 
| qRT-PCR for the M gene
| Phylogenetic analysis
The obtained sequences were compared with those reported in the GenBank, selecting those with an identity percentage higher than 95%, using BLAST (Basic Local Alignment Search Tool) from the NCBI (National Center for Biotechnology) ("Nucleotide BLAST 2017:
Search nucleotide databases using a nucleotide query"). The phylogenetic analysis was performed independently for each genomic segment with the MEGA 7.0.26 software the evolutionary history was inferred using the Maximum Likelihood method based on the General Time Reversible (GTR) model and discrete Gamma distribution with invariant sites was used (Kumar, Stecher, & Tamura, 2016; Nei & Kumar, 2000) . The trees were edited with the FIGTREE v1.4.3
program ("FigTree 2017: Molecular evolution, Phylogenetics and Epidemiology").
| Viral isolation
For viral isolation, sterile 200 μl of lung suspension were inoculated into the allantoic cavity of ALPES1 ® embryos of 9-11 days, free of specific pathogens (SPF) and incubated at 37°C. The allantoic fluid SAAVEDRA-MONTAÑEZ ET AL. The viruses were titrated by hemagglutination (Ramírez, Carreón, & Mercado, 1996) .
| RESULTS
Of 486 pig pulmonary samples, 10 (0.48%) were positive for influenza virus and 476 (99.52%) negative to the presence of this virus.
From the positive samples, the complete genome of 8 influenza viruses was sequenced; three samples corresponded to the H1N1 subtype from the states of Guanajuato (2) and Jalisco (1), and two corresponded to the H3N2 subtype from the states of Jalisco and
Hidalgo. An isolated H1N2 sequence was also obtained in the state of Guanajuato, while two H5N2 sequences came from Guanajuato and the State of Mexico (Table 1) .
| Phylogenetic analysis of HA and NA genes
Regarding the evolutionary structure of the inferred topologies of the HA gene, the analysis of the sequences indicated that the HA (Table 2) .
| DISCUSSION
In our study, the central region of Mexico is where the largest number of sequences was obtained; therefore, it could be the region where the largest number of rearrangements occur with viruses of
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The tree is drawn to scale, with branch lengths corresponding to the number of substitutions per site. Mexican isolates are observed in color depending on the subtype: H1N1 (blue), H3N2 (pink), H1N2 (gray), H5N2 (orange) [Colour figure can be viewed at wileyonlinelibrary.com] different subtypes, due to production conditions where different species interact in the same habitat (INEGI, 2007) .
In our analysis, we identified that in the GtoDMZC01(H1N2), GtoDMZC09(H1N1) and HgoDMZC11(H3N2) viruses, there are rearrangements between different subtypes. On the other hand, the inter-species barrier crossing was appreciated in the following viruses: GtoDMZC02(H5N2) and EdoMexDMZC03(H5N2), which were transferred intact from chicken to pig; and in GtoDMZC04 (H1N1) which was transferred intact from human to pig. Only two viruses were found without change JalDMZC05(H1N1) and JalDMZC12(H3N2). Several phylogenetic analyzes suggest that the transmission between species has occurred from birds to pigs (Karasin et al., 2000; Lee et al., 2009; Peiris et al., 2001) , horses to pigs (Tu et al., 2009) , and from humans to pigs (Nelson, Gramer, Vincent, & Holmes, 2012; Nelson et al., 2014) .
There are several studies that have reported the transmission of influenza viruses between humans and pigs, suggesting that these viruses have circulated without being detected (Cappuccio et al., 2011; Nelson, Culhane et al., 2015; Nelson, Schaefer et al., 2015) . In our study, we identified one subtype of viruses of human origin in In Mexico there is an evident scenario for the transmission of chicken virus to pigs, due to the existence of mixed production systems, where two different species (chicken and pigs) share physical spaces (INEGI, 2007) . However, the participation of dogs in the dissemination and the interspecies transmission of influenza viruses should not be ruled out (Giese et al., 2008; Song et al., 2013) . In China during 2009, an H5N2 influenza virus was isolated from a dog that showed respiratory signs (Guang-jian, Zong-shuai, Yan-li, Shi-jin, & Zhi-jing, 2012) . Later on, the transmission of this virus from dog to dog was confirmed (Song et al., 2013) . Afterwards, infective manifestations of this H5N2 virus were observed in cats and chickens Notes. The Mexican isolates are located in the left side column and the segments of each protein are represented by a color chart depending on the subtype to which they belong: H1N1 (blue), H3N2 (pink), H1N2 (gray) and H5N2 (orange). The letters that are inside the coloring boxes indicate the species to which they correspond: swine (S), chicken (C) and human (H).
